1. Introduction {#sec0005}
===============

The esthetic evaluation of a patient should include extra-oral, labial, periodontal and dental examination. The so-called beautiful attractive and healthy smile is a balance between the shape and symmetry of the teeth, lips and gingival tissues, as well as the way they relate and harmonize with the patient's face \[[@bib0005]\]. The assessment of the frontal and lateral views of the aforementioned structures should be peformed aiming at determining labial positioning, vertical dimension and delimiting the facial proportions \[[@bib0010]\].

A gingival smile is one of the most common complaints among patients seeking esthetic rehabilitation treatment, and indication for correction of a gingival smile has become the most frequent dental esthetic rehabilitation. Characterized by excessive gingival exposure (above 3 mm), gingival smile affects approximately 10% of the population between 20 and 30 years \[[@bib0015], [@bib0020], [@bib0025]\].

The etiology of a gingival smile is multifactorial, for instance gingival hyperplasia, altered passive teeth eruption, skeletal deformities of excessive maxillary growth, lack of lip support resulting from a marked depression of the anterior process of the maxilla and a hyperactive and/or asymmetric upper lip. It is imperative that these etiologies are identified before rehabilitation treatment \[[@bib0020]\]. Accurate facial analysis is crucial to determine the most appropriate surgical periodontal treatment. Clinical crown lengthening is the commonest esthetic treatment in cases of abnormal passive teeth eruption and mild skeletal deformity. In some situations, a lack of lip support due to marked depression of the anterior process of the maxilla is the culprit. In these cases, esthetic clinical crown lengthening may be combined with lip repositioning using Polymethylmethacrylate (PMMA)-based orthopedic cement. This material has a good degree of compatibility with human tissues, acting as a filler material for subnasal depression and may be an innovative way to tackle gingival smile \[[@bib0020]\].

PMMA-based bone cement has been used in several health specialties, such as neurosurgery since World War II for cranioplasties, secondary to decompressive craniectomy and is still the most used reconstructive material by many professionals because it is one of the most biocompatible alloplastic materials available to date, inducing low foreign body reaction and providing adequate protection to adjacent neural tissues. The first indication for its use in dentistry was for full dentures and it has since demonstrated positive results, including high biocompatibility with the oral tissues \[[@bib0030]\].

In this case, a successful management of sever gummy smile using gingivectomy surgical procedures combined with PMMA-based bone cement had achieved satisfactory results. This manuscript has been reported in accordance with the SCARE criteria \[[@bib0035]\]. The aim of this report was to present a clinical case of lip repositioning using PMMA-based bone cement for esthetic smile rehabilitation

2. Case report {#sec0010}
==============

A 23-year-old female attended the Esthetic Dentistry Clinic of our institue, reporting dissatisfaction with her smile, due to the size of her teeth and the amount of gingiva exposed when smiling ([Fig. 1](#fig0005){ref-type="fig"}). The patient wished to achieve a more harmonious smile.Fig. 1Patient reporting dissatisfaction with her smile, due to the size of her teeth and the amount of gingiva exposed when smiling.Fig. 1

2.1. Clinical examination {#sec0015}
-------------------------

The face, smile, gingival contour and teeth of the patient were analyzed both clinically and photographically ([Fig. 2](#fig0010){ref-type="fig"}a--l). Radiographic examinations were then requested for periapicals bite-wings, cephalometric radiograph and computed tomography.Fig. 2a, b, e, c -- Initial Photographic protocol: Maximum smile. Front, left and right side views. d, e, e -- Initial Photographic protocol: Lip sealing and incisal exposure Analysis. f -- Initial Photographic protocol: Gingival exposure analysis at maximum smile. g, e, h -- Initial Photographic protocol: Right and left half profile view. i -- Initial photographic protocol: Maximum habitual intercuspation. j -- Initial photographic protocol: Close-up of the anterior dentition, with contrast mirror, to evaluate shape, anatomical characteristics and arrangement of dental elements in the arch. k, e, l -- Initial photographic protocol: Close-up of anterior dentition of left and right half-profile, with contrast mirror.Fig. 2

The patient was then diagnosed with excessive gingival exposure associated with depression of the subnasal region, in which the upper lip would lodge during smiling, lack of proportion of teeth as well as generalized diastemas.

A rehabilitation planning was designed, which was performed with periodontal surgical intervention to fill the subnasal depression with PMMA-based bone cement, clinical crown lengthening of teeth 15--25 in order to equalize the proportion between the teeth and esthetic rehabilitation of the smile using ceramic veneers.

2.2. Treatment considerations {#sec0020}
-----------------------------

To determine the correct proportion of the teeth, an acrylic resin device was fabricated on the upper central incisors for esthetic and functional evaluations, based on the patient's interpupillary distance and described by Arcuri et al. \[[@bib0040]\] This device is used to evaluate the following: the correct proportion of the dimensions of the central incisor to be rehabilitated, involving its height and width, as well as its ideal spatial positioning in the arch; to predict the need for surgical intervention to lengthen the clinical crown and to provide an effective communication between the dental surgeon and the dental laboratory technician, guiding the diagnostic wax-up from the anatomical references obtained. ([Fig. 3](#fig0015){ref-type="fig"}a and b).Fig. 3a -- Mini-Jig Aesthetic and Functional device to determining the ideal dimensions of the incisor to be rehabilitated on the upper central incisor. b -- Mini-Jig Aesthetic and Functional device positioned and need for clinical crown lengthening evaluation.Fig. 3

Impressions for study models were taken using addition silicone (Virtual, Ivoclar Vivadent AG, Liechtenstein) ([Fig. 4](#fig0020){ref-type="fig"}a and b). The esthetic and functional device positioned in the model aided the technician in building a diagnostic wax-up based on the anatomical references provided by the device ([Fig. 5](#fig0025){ref-type="fig"}a and b). From the wax-up, a dense silicone dam (Zetalabor, Zhermack, Badia Polesine, Italy) was also made in the laboratory, which was later refined using a fluid silicone wash (Oranwash L, Zhermack, Badia Polesine, Italy) for accurate copying of the details of the teeth. This silicone dam was used to obtain a guide for the diagnostic restorative test (mock-up) ([Fig. 6](#fig0030){ref-type="fig"}). Once the mock-up was tried in, the need for clinical crown lengthening was established aiming to reestablish the height and width proportions of the upper anterior teeth ([Fig. 7](#fig0035){ref-type="fig"}).Fig. 4a, e, b -- Impressions for study models were taken using addition silicone.Fig. 4Fig. 5a, e, b -- Diagnostic wax-up based on the anatomical references provided by the device.Fig. 5Fig. 6Silicone dam was used to obtain a guide for the diagnostic restorative test (mock-up).Fig. 6Fig. 7Mock-up to patient approval.Fig. 7

2.3. Surgical procedures {#sec0025}
------------------------

An acetate surgical guide was made from a copy of the diagnostic wax-up model to serve as a parameter during osteotomy.

The periodontal surgery was performed based on the mock-up and using local anesthesia. Incisions were made using an internal bevel blade \#15 from the mesial aspect of the first right upper molar to the mesial aspect of the first upper left molar, accompanying the cervical margin of the mock-up, which corresponded to the future margins of the prosthetic rehabilitation ([Fig. 8](#fig0040){ref-type="fig"}). Subsequently, intra-sulcular incisions were made from 15 to 25 to remove the gingival margin collar ([Fig. 9](#fig0045){ref-type="fig"}). A Molt 2--4 instrument was used to raise a full thickness flap and expose the entire frontal region of the maxilla, granting access to the subnasal depression and the anterior nasal spine ([Fig. 10](#fig0050){ref-type="fig"}a). Osteotomy and osteoplasty were performed using large spherical burs at high speed and copious saline irrigation. Excess bone tissue was removed to a distance of 3 mm between the bony crest and the new gingival margin, to safeguard the biological width, as recommended by Gargiulo et al. \[[@bib0045]\] ([Fig. 10](#fig0050){ref-type="fig"}b).Fig. 8Clinical crown lengthening Incisions guided.Fig. 8Fig. 9Incisions from 15 to 25 to remove the gingival margin collar.Fig. 9Fig. 10a, e, b -- Full thickness flap and Osteotomy and osteoplasty guided by the transparent guide.Fig. 10

2.4. Use of PMMA {#sec0030}
----------------

After crown lengthening, the PMMA-based bone cement was prepared with gentamicin (Aminofix 1, Groupe Lépine, France) in a sterile surgical bowl following the manufacturer's instructions. When the mixture stopped sticking to the surgical gloves, it was then positioned into the subnasal pit, under constant and copious saline irrigation. With the cement in place, the prosthesis was shaped in a maximum thickness of 7-mm, as recommended in the literature \[[@bib0050]\]. After complete polymerization and under abundant cooling, refinement and finishing of the PMMA prosthesis was performed using a Maxicut and Minicut handpiece burs. The prosthesis was verified for passive adaptation and fixed onto the bone with two titanium-based bone graft fixation screws, measuring 1.6 mm × 10 mm (Neodent, Group Straumann, Curitiba, Brazil). One screw was fixed between teeth 11 and 12 and the other between teeth 21 and 22 ([Fig. 11](#fig0055){ref-type="fig"}).Fig. 11PMMA prosthesis was fixed by screw between teeth 11 and 12 and the other between teeth 21 and 22.Fig. 11

At the end of the surgical procedure, the gingival flap was repositioned and a simple 6-0 nylon suture was placed ([Fig. 12](#fig0060){ref-type="fig"}). Antibiotics, an anti-inflammatory and pain-killers were prescribed and the patient was instructed regarding postoperative care. At the 16-day follow-up of the surgical procedure, the patient was reassessed and the sutures removed, revealing a more harmonious smile than before, with reduction of the exposed gingiva, secondary to an increased clinical crown length and new support and repositioning of the upper lip ([Fig. 13](#fig0065){ref-type="fig"}a and b).Fig. 12Simple 6-0 nylon suture Sutura.Fig. 12Fig. 13a, e, b -- At the 16-day follow-up of the surgical procedure, the patient was reassessed and the sutures removed, revealing a more harmonious smile than before, with reduction of the exposed gingiva, secondary to an increased clinical crown length and new support and repositioning of the upper lip.Fig. 13

2.5. Prosthetic rehabilitation {#sec0035}
------------------------------

The smile aesthetic rehabilitation was complemented using 10 lithium disilicate-based ceramic veneers (IPS Emax, Ivoclar Vivadent AG, Liechtenstein) ([Fig. 14](#fig0070){ref-type="fig"}a--g). Twenty months after treatment completion, a new clinical evaluation was performed, on which occasion the esthetic results and periodontal health were reported to be maintained ([Fig. 15](#fig0075){ref-type="fig"}).Fig. 14a--g -- The smile aesthetic rehabilitation was complemented using 10 lithium disilicate-based ceramic veneers.Fig. 14Fig. 15Twenty months follow-up, on which occasion the esthetic results and periodontal health were reported to be maintained.Fig. 15

3. Discussion {#sec0040}
=============

In the treatment of a gingival smile, accurate diagnosis is fundamental to select the most appropriate strategy to tackle the problem on an individual basis. When the gingival smile is secondary to altered passive teeth eruption, gingivectomy and/or clinical crown lengthening may be indicated \[[@bib0050],[@bib0055]\]. For lip hypermobility, both botulinum toxin and myotomy of lip-elevating muscles are used \[[@bib0050],[@bib0055]\]. When the cause of the gingival smile is vertical maxillary excess, the treatment may be orthodontic intrusion, orthognathic surgery and even in such cases, if there is a lack of lip support, lip repositioning can be achieved using bone cement combined with clinical crown lengthening \[[@bib0010]\]. As mentioned above and in the light of the case reported herein, surgical guide-assisted clinical crown lengthening significantly improved smile harmony, reducing the gingival exposure presented by patient when smiling.

PMMA properties, such as inertness, low cost, rigidity, easy preparation, biocompatibility *etc.*, make PMMA-based bone cements suitable for use in different health-related situations, body areas and procedures, such as in cranioplasty, in which it has been used since the second world war \[[@bib0060], [@bib0065], [@bib0070]\]. PMMA has been the most widely used material for correction of bony defects of the skull and face, mainly for cosmetic reasons \[[@bib0070]\].

In dentistry, PMMA has been used in several fields. Frazer et al. \[[@bib0030]\], described the use of PMMA for orthodontic appliances, dentures, definitive and temporary partial and full prostheses, as well as for maxillofacial prostheses and fixation of mandibular fractures. The authors also speculated that without the development of PMMA, it would not have been possible to provide the quality dental care that is available today.

According to Amer et al. \[[@bib0080]\], PMMA is used as a prosthetic material when the aim is dental corrections. PMMA bone cement can also be used as graft material for extraction sites, furcation lesions, correction of maxillary and mandibular contours and is also currently used to fill craniofacial defects such as subnasal depression \[[@bib0020]\].

In the clinical case presented herein, the PMMA-based bone cement was used to fill the subnasal maxillary skeletal depression, repositioning and allowing a new support to the upper lip, contributing to harmonization of the smile, initially conquered using clinical crown lengthening. No intraoperative and/or postoperative complications were detected.

The use of PMMA-based bone cement to fill subnasal depression in cases of vertical maxillary excess is a new strategy, first published by Torres et al. \[[@bib0020]\]. Its purpose is to support the upper lip, reducing its mobility and esthetically improving a gingival smile. The authors believe that the lip vermilion may be augmented due to new lip support. In the same study, the authors report that bone cement featuring PMMA microspheres does not induce any complications, compared to injectable PMMA used in permanent soft tissue filling, which is associated with complications such as tissue necrosis, granulomas, infections and lymphedemas, as described by Salles et al. \[[@bib0085]\].

Among the complications associated with PMMA, the long-term infection rate was 13.9% in the study by Kim et al. \[[@bib0090]\] Cheng et al. \[[@bib0095]\] detected approximately 6.25% of infections in their patients. Kumar et al. \[[@bib0100]\], however, found no complications in any of their 15 patients, a result similar to that of Rotaru et al. \[[@bib0105]\], where none of the patients presented complications.

The mixture of n-dimethyl-p-toluidine and benzoyl peroxide results in the cure of PMMA and during that process heat is released \[[@bib0110]\]. The temperatures released during curing of PMMA may vary, with reports showing exothermic reactions of 70 °C, 80 °C, 81.4 °C and 100 °C \[[@bib0115]\].

During intraoperative manipulation of the PMMA cement, tissues can be damaged when exposed to such high temperatures, in which exposure time is determinant \[[@bib0080]\]. Exothermic reaction can trigger inflammatory events and necrosis of tissues adjacent to PMMA, according to Khader and Towler \[[@bib0120]\].

To avoid complications from exothermic reactions, prefabricated plates are used, based on tomographic data from the bone defect or from previously obtained models \[[@bib0075]\]. In order to minimize the risk of tissue necrosis when using PMMA intra-operatively, irrigation is recommended repeatedly and constantly with cooled saline and to ensure the presence of a wet interface between the PMMA and the tissues \[[@bib0075],[@bib0115]\].

The chemical reaction and the amount of heat released correlate positively with the thickness and volume of the PMMA bone cement \[[@bib0120]\]. Higher temperatures are associated with increased PMMA thickness *in vitro* \[[@bib0075]\].

It is important to be aware of the ultimate thickness of the PMMA implant, since the exothermic temperature is directly influenced by the PMMA thickness. A thickness of 7 mm is generally safe to work in procedures where the cement will be manipulated and shaped intra-operatively \[[@bib0125]\].

Abundant irrigation of PMMA removes all residual monomers, preventing not only damages caused by the exothermic reaction, but also the potential toxicity caused by the monomer \[[@bib0070]\]. Residual monomer may cause aseptic loosening of the prosthesis due to bone resorption around the PMMA cement \[[@bib0115]\]. Fixation of the PMMA prosthesis with plates and screws may be suitable to prevent aseptic loosening and to stabilize the prosthesis to the bone \[[@bib0060],[@bib0065]\].

Torres et al. \[[@bib0020]\] and Jaberi et al. \[[@bib0125]\], recommend the intraoperative technique when the objective is to reconstruct small bony defects, 5--15 cm². The use of rotating instruments for finishing of the PMMA prosthesis intraoperatively is thought to increase the risk of contamination of the operative field. The intraoperative technique has been used for a long time, it does not add costs to the procedure, it is safe, presents good clinical results and low complication rates \[[@bib0020],[@bib0060],[@bib0130]\].

4. Conclusion {#sec0045}
=============

Based on the aforementioned arguments, it can be stated that:1PMMA-based bone cement proved effective when associated with clinical crown lengthening in esthetic smile rehabilitation, acting as a filling material for subnasal depression, providing new lip support and satisfying the patient's expectations.2The technique is operator-sensitive, as the manufacturer\'s instructions should be strictly followed in order to avoid complications during the curing of the material, such as high exothermic reactions. The thickness of the PMMA implant is also paramount, since temperature is directly influenced by it.3PMMA is non-toxic, biocompatible with human tissues and is therefore used in various specialties for different procedures. This bone cement is regarded as an alloplastic material, used preferentially in reconstructions of craniofacial defects of variable sizes.
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